Introduction
============

Each year around 250,000 new cases of kidney cancer (KC) are diagnosed in the world, accounting for about 2% of all cancers ([@b1-ol-0-0-6563]). It is one of the highest incidences of cancer in the urinary system tumors. The morbidity and mortality of KC is continuously growing. The clear cell renal cell carcinoma (ccRCC), the most common subtype of KC, is estimated as 80% of all patients ([@b2-ol-0-0-6563]). The comprehensive biological process of the molecular mechanism of ccRCC may involve in stepwise accumulation of genomic instability, epigenetic changes, gene mutations and deviant expression of protein-coding genes and noncodings ([@b3-ol-0-0-6563],[@b4-ol-0-0-6563]).

The genome-wide association researches have found several mutations conferring risk of ccRCC, including von Hippel-Lindau gene (*VHL*), which codes for a tumor suppressor gene. Various causes, such as mutation, loss of heterozygosity, allelic deletion and promoter hypermethylation, makes *VHL* inactivation on chromosome 3p as a high frequent genetic event in ccRCC ([@b5-ol-0-0-6563]). Carcinogenesis and cancer-associated angiogenesis is well-characterized by the alteration in the pathway of *VHL* gene/hypoxia inducible factor/vascular endothelial growth factor ([@b6-ol-0-0-6563]). Moreover, some genes, such as *KDM5C* \[lysine (K)-specific demethylase 5C\], *PBRM1* (polybromo-1), *BAP1* (BRCA1 associated protein-1), *KDM6A* \[lysine (K)-specific demethylase 6A\] and *SETD2* (SET domain containing 2), are involved in chromatin modification in primary human renal cell carcinoma (RCC) and their mutations will profoundly change their chromatin organization and their transcriptional program ([@b7-ol-0-0-6563]).

On the other side, the non-coding RNA transcripts also showed significant difference in ccRCC, such as overexpression of miRNA-210 ([@b8-ol-0-0-6563]) and downregulation of miR-141 and miR-200c ([@b9-ol-0-0-6563]). miRNA-210 is one of the HIF-1 targets, reported to correlate with poor patient survival ([@b8-ol-0-0-6563]).

Long non-coding RNAs (lncRNAs), mainly locating within nucleus or cytosolic compartment ([@b10-ol-0-0-6563]), many identified of which are transcribed by RNA polymerase II, belong to a new class of non-coding RNA transcripts more than 200 nucleotides in length. Based on their location regarding protein-coding genes, LncRNAs are classified into five locus biotypes: Sense, antisense, bidirectional, intronic and intergenic ([@b11-ol-0-0-6563]). lncRNAs can regulate gene expression by the ways of transcriptional regulation, splicing, imprinting, epigenetic regulation and subcellular transport ([@b12-ol-0-0-6563]). Therefore, lncRNAs are important in gene expression and chromatin remodeling and exhibit previously unrecognized functions, such as promotion of the occurrence, development, proliferation and differentiation of the malignant disease including cancers.

In this study, some lncRNAs were identified to be differentially expressed in cancer while comparing with normal tissue, providing some potential candidates for discovery of new cancer biomarkers and therapeutic targets to improve diagnosis and therapy in ccRCC.

Materials and methods
=====================

### Source of data sets

Three data sets of human exon arrays, GSE53757, GSE46699 and GSE47352, were downloaded from GEO. GSE53757 contained 72 paired ccRCC and normal adjacent tissues ([@b13-ol-0-0-6563]). Data processing and methodology were as previously described ([@b14-ol-0-0-6563]). GSE46699 contained 65 paired ccRCC and normal adjacent tissues, including stages 1--3 ([@b15-ol-0-0-6563]). GSE47352 contained 4 primary metastatic and 5 non-metastatic tumor samples ([@b16-ol-0-0-6563]).

### Probe re-annotation pipeline

The following steps as described by Zhang *et al* ([@b17-ol-0-0-6563]) were used to assess the lncRNA expressions in the ccRCC gene expression data that a pipeline uniquely mapped to lncRNAs was used to determine the probe sets from the Affymetrix array. First of all, Affymetrix HG-U133 Plus 2.0 (Affymetrix, Santa Clara, CA, USA) probe set ID was mapped to the NetAffx Annotation Files (HG-U133 Plus 2.0 Annotations, CSV format, release 33, 10/30/12), which the Ensembl gene ID, probe set ID, Refseq transcript ID gene symbol, gene symbol, gene title and other informative items for the specific probe set were included in the annotations. Then, we used the following criteria to filter the probe sets: i) 'NR' (NR indicates non-coding RNA in the Refseq database) was labeled and retained for the probe sets which were only assigned with Refseq IDs; ii) 'antisense', 'sense intronic', 'processed transcripts', 'sense overlapping', 'lncRNA' or 'non sense mediated decay' in Ensembl annotations were annotated and retained for the probe sets which were only assigned with Ensembl gene IDs; and iii) those annotated with Ensembl gene titles above and labeled as 'NR' in Refseq database were retained at the same time for the probe sets with both Ensembl gene IDs and Refseq IDs. Secondly, rRNAs, pseudogenes, microRNAs and other short RNAs including snRNAs, tRNAs and snoRNAs were filtered out and 2,935 Affymetrix probe sets with corresponding annotated lncRNA transcripts were obtained.

### Data analysis

After quality control assessment was done, each dataset was normalized by applying a Bioconductor package Robust multi-array average (RMA) through R 3.0.2. Then the linear models for microarray data (LIMMA), a modified t-test method incorporating the Benjamini-Hochberg multiple hypotheses correction technique, were used to analyze the normalized data. The probe sets of which the adjusted P-value was below 0.01 between two groups were defined as significantly different lncRNAs.

Results
=======

### LncRNA expression profiles on Affymetrix HG-U133 Plus 2.0 arrays

According to the Ensembl and Ref-seq annotations of lncRNAs and the NetAffx annotation of probe sets, 2,935 probe sets corresponding to lncRNA genes were identified on the Affymetrix HG-U133 Plus 2.0 arrays. Among them, we annotated 1,002 probe sets mapping to lncRNA genes by both the RefSeq and Ensemble database; we annotated 500 probe sets only by the RefSeq database; we annotated 1,423 probe sets only by the Ensemble database. Those probe sets with controversial annotations were excluded in the two databases.

### LncRNAs differentially expressed in ccRCC

We used R to process the CEL files for background correction, normalization, and summarizations with RMA algorithm. Comparing to normal tissue by using LIMMA at a threshold of an adjusted P-value \<0.01, 85 lncRNAs in GSE53737 ([Fig. 1](#f1-ol-0-0-6563){ref-type="fig"}) and 32 lncRNAs in GSE46699 ([Fig. 2](#f2-ol-0-0-6563){ref-type="fig"}) were identified to be differentially expressed in ccRCC. Interestingly, the overlapping lncRNAs of both arrays were exactly the differentially expressed lncRNAs in GSE46699, listed in [Table I](#tI-ol-0-0-6563){ref-type="table"}. A total of 18 downregulated and 14 upregulated lncRNAs was found among the 32 differentially expressed lncRNAs. Any official Human Genome Nomenclature Committee symbols were not yet owned to most of these lncRNAs and their functions are still unknown. Some lncRNAs, such as ENSG00000177133 ([@b18-ol-0-0-6563]), NR_024418 ([@b19-ol-0-0-6563]), T-cell leukemia/lymphoma 6 (TCL6) ([@b20-ol-0-0-6563],[@b21-ol-0-0-6563]), GAS5 ([@b22-ol-0-0-6563]--[@b25-ol-0-0-6563]), DLEU2 ([@b26-ol-0-0-6563]), colorectal neoplasia differentially expressed (CRNDE) ([@b27-ol-0-0-6563]), and MIR155HG ([@b28-ol-0-0-6563]), have been reported to play a pro- or anticancer role in various kind of cancers. Among them, NR_24418 and TCL6 have been reported to be associated with ccRCC ([@b19-ol-0-0-6563],[@b20-ol-0-0-6563]) ([Table I](#tI-ol-0-0-6563){ref-type="table"}).

### Independent validation

We analyzed GSE46699 and GSE53737 to independently validate the results ([Fig. 3](#f3-ol-0-0-6563){ref-type="fig"}), finding that significant expression changes (adjusted P\<0.01) at the same direction were presented for the above differentially expressed lncRNAs. A significant concordance shown in [Fig. 3](#f3-ol-0-0-6563){ref-type="fig"} was existed in the distribution of expression differentials between the experiment and the validation data sets, reflecting that the expression patterns of these genes were highly consistent among different sample sets.

### Differentially expressed lncRNAs associated with RCC metastasis

To validate the utility of exon array data in combination with clinical annotation to identify cancer metastasis-related lncRNA, we examined the expression pattern of GSE47352 consisting of 4 primary metastatic and 5 non-metastatic tumor samples ([Fig. 4](#f4-ol-0-0-6563){ref-type="fig"}). Comparing to non-metastatic samples, the top 50 differentially expressed lncRNAs in metastatic ccRCC were identified and we found 22 lncRNAs were upregulated and 28 lncRNAs were downregulated (Mann-Whitney U test, P\<0.05). By comparing with the results above, we found that three out of these fifty lncRNAs were also present in the overlapping genes shown in [Table I](#tI-ol-0-0-6563){ref-type="table"}, which are ENSG00000214145, CRNDE and ENSG00000244020. Among them, CRNDE showed higher expression in both ccRCC and metastatic samples compared to normal tissue and non-metastatic ones, while ENSG00000244020 is lower expressed. However, the lncRNA ENS00000214145 showed an increased expression in ccRCC but decreased in metastatic RCC.

Discussion
==========

LncRNAs function in comprehensive biological processes through miscellaneous mechanisms ([@b29-ol-0-0-6563],[@b30-ol-0-0-6563]). In recent years emerging evidence indicate that lncRNAs are disordered and play important roles in tumorigenesis and tumor progression ([@b10-ol-0-0-6563],[@b12-ol-0-0-6563],[@b22-ol-0-0-6563],[@b27-ol-0-0-6563]). Because the existing microarrays may fortuitously contain some lncRNAs probes, some researchers ([@b31-ol-0-0-6563],[@b32-ol-0-0-6563]) recently suggested that we mine these array data and may achieve lncRNA expression profiling.

In the present study, a set of lncRNAs differentially expressed between ccRCC and normal renal tissue was analyzed. Previous studies have reported some lncRNAs in human cancers, including ENSG00000177133, NR_024418, TCL6, GAS5, DLEU2, CRNDE and MIR155HG, while recent studies have reported NR_24418 and TCL6 associated with ccRCC ([@b19-ol-0-0-6563],[@b20-ol-0-0-6563]).

TCL6 was first identified in T-cell leukemia ([@b21-ol-0-0-6563]), located 7 kb upstream of the TML1 locus on chromosome 14q32.1. The TCL6 gene expressed at least 11 isoforms through very complex alternative-splicing, including splicing with the TML1 gene. Since the TCL6 gene was expressed in T-cell leukemia carrying a t(14;14) (q11;q32.1) chromosome translocation and was not expressed in normal T-cells, it is thought to be a candidate gene potentially involved in leukemogenesis. Recently, a microarray experiment performed with custom-designed arrays enriched with probes for lncRNAs mapping to intronic genomic regions ([@b20-ol-0-0-6563]), analyzing 18 primary RCC tumors and 11 non-tumor adjacent matched tissues. Forty lncRNAs differentially expressed between RCC and non-tumor samples was obtained (false discovery rate \<5%), including TCL6. However, the fold change (FC) of TCL6 in RCC showed an increased expression (FC=1.96), which is opposite to our results (logFC=−2.20 in GSE53757 and logFC=−1.19 in GSE46699, P\<0.01). As our study have integrated two microarray analysis, we stand more about our results and it is also necessary to process more research work to find out the role of TCL6 in RCC.

Another lncRNA gene, NR_024418, is a 723 bp intragenic lncRNA transcribed from chromosome 5. We found NR_024418 is decreased in ccRCC in two arrays (logFC=−2.51 in GSE53757 and logFC=−1.28 in GSE46699, P\<0.01), which is consistent with the results (logFC=−4.16) published in 2012 ([@b19-ol-0-0-6563]). Nevertheless, the characters and biological function of NR_024418 were still unclear.

GAS5 was reported as tumor suppressor in various cancers, including KC ([@b33-ol-0-0-6563]), colorectal cancer ([@b22-ol-0-0-6563]), breast cancer ([@b34-ol-0-0-6563]) and hepatocellular carcinoma ([@b23-ol-0-0-6563]). RCC tissue and cell line a498 displayed reduced GAS5 expression. Progressed cell death, arrested cell cycle, retarded growth and devoid of invasion and migration were displayed in the cells a498 ectopically expressing GAS5 ([@b35-ol-0-0-6563]). These findings supported the tumor suppressor role of GAS5 in RCC. GAS5 is critical to control cell apoptosis and cell population growth in mammalian ([@b34-ol-0-0-6563]). GAS5 transcripts are subject to complex post-transcriptional processing and some, but not all, GAS5 transcripts sensitize mammalian cells to apoptosis inducers. Molecular study identified the GAS5 gene as a novel partner of BCL6 (encoding a POZ/zinc finger protein that acts as a transcriptional repressor), which is frequently altered at its 5′non-coding region by 3q27 chromosomal translocation in B-cell lymphoma ([@b36-ol-0-0-6563]). However, in our study, we found GAS5 upregulated in ccRCC in both arrays (logFC=1.10 in GSE53757 and logFC=1.03 in GSE46699, P\<0.01). More research work is needed to find out the role of GAS5 in ccRCC.

By comparing the overlapping genes in ccRCC and metastatic ccRCC, we found that the gene CRNDE was increased in both ccRCC samples compared to normal tissues and in metastatic RCC compared to non-metastatic RCC, which remind us that CRNDE probably display a crucial role in ccRCC development. CRNDE is transcribed from chromosome 16 on the strand opposite to the adjacent IRX5 gene, with which it may share a bidirectional promoter ([@b37-ol-0-0-6563]). CRNDE was initially identified highly elevated in colorectal cancer ([@b27-ol-0-0-6563]), but it is also upregulated in many other solid tumors, such as hepatocellular carcinoma ([@b38-ol-0-0-6563]), prostate cancer ([@b39-ol-0-0-6563]), KC ([@b40-ol-0-0-6563],[@b41-ol-0-0-6563]) and hematological malignancies ([@b42-ol-0-0-6563],[@b43-ol-0-0-6563]). CRNDE is associated with a 'stemness' signature, because CRNDE was implicated as one of several lncRNAs required for the maintenance of pluripotency in mouse embryonic stem cells, and thus, potentially involved in tumorigenesis ([@b44-ol-0-0-6563]). Specifically, at the locus for mouse CRNDE, the promoter was bound by select pluripotency-related transcription factors, including c-Myc and n-Myc, while knockdown of CRNDE was associated with decreased levels of a different suite of critical pluripotency markers: Sox2, Klf4, Nanog, and Oct4. Therefore, we believe that CRNDE is an important gene in ccRCC progression, and more research work was demanded to declare the biological mechanisms in ccRCC.

However, studies about the other genes, such as ENSG00000177133, DLEU2, MIR155HG, ENSG00000214145 and ENSG00000244020 are really rare. The only research that mentioned ENS00000177133 is that it is low expressed in gastric cancer ([@b18-ol-0-0-6563]). The genes DLEU2 and MIR155HG have been reported to be related to myeloproliferative disorders and leukemia ([@b26-ol-0-0-6563],[@b28-ol-0-0-6563],[@b45-ol-0-0-6563]). One research published recently shows that the gene ENSG00000244020 is decreased in pancreatic ductal adenocarcinoma ([@b46-ol-0-0-6563]). Unfortunately, no report was published about the gene ENSG00000214145 in any other lncRNA study.

We mined three existing microarray data sets and achieved global lncRNA expression profiles in ccRCC. A set of lncRNAs differentially expressed in metastatic RCC were also identified, providing potential candidates for discovery of new cancer biomarkers and therapeutic targets to improve diagnosis and therapy in RCC.
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###### 

Overlapping 32 long non-coding RNAs differentially expressed in ccRCC in both GSE53757 and GSE46699.

                    GSE53757    GSE46699                          
  ----------------- ----------- ---------- ----------- ---------- --------------------------------------------------------------------------------------------
  ENSG00000214145     3.60594   2.69E-46     1.22867   1.99E-14   
  PVT1                2.81551   8.93E-50     1.33005   3.33E-25   
  MIR155HG            2.78895   3.74E-31     1.03184   4.44E-08   Lymphocytic leukemia
  ENSG00000247095     2.47881   2.38E-45     1.05478   2.80E-17   
  DGCR5               2.25397   2.79E-28     1.52029   5.50E-16   
  ENSG00000233610     2.21139   6.22E-25     1.07377   2.00E-10   
  ENSG00000241732     2.12166   6.49E-39     1.10549   1.88E-14   
  LOC541471           2.02896   1.93E-33     1.62800   2.20E-20   
  CRNDE               1.55389   1.21E-18     1.45479   2.19E-12   Colorectal adenomas and adenocarcinomas
  DLEU2               1.45483   3.76E-30     1.04097   4.62E-10   Lymphocytic leukemia
  NCRNA00275          1.26093   7.08E-33     1.07722   7.33E-13   
  NCRNA00219          1.22560   2.99E-20     1.14880   5.95E-13   
  GAS5                1.09636   1.08E-25     1.02773   1.84E-12   Kidney, cervical, colorectal, hepatocellular, gastric, prostate, breast and bladder cancer
  NR_027406           1.01639   6.34E-24     1.22427   2.42E-23   
  ENSG00000197308   −1.29187    3.71E-34   −1.00448    4.44E-20   
  NR_028308         −1.43885    1.43E-15   −1.29727    1.25E-12   
  ENSG00000250742   −1.57523    7.05E-20   −1.20294    6.30E-15   
  ENSG00000246695   −1.62689    4.44E-32   −1.35738    1.23E-21   
  ENSG00000226950   −1.68462    1.53E-42   −1.17068    7.12E-22   
  ENSG00000223414   −1.75572    6.42E-23   −1.24300    1.02E-13   
  ENSG00000233237   −1.91752    1.23E-27   −1.39309    1.25E-16   
  ENSG00000244020   −1.99999    3.99E-27   −1.46462    5.89E-14   
  RMST              −2.15814    6.77E-26   −1.17918    5.01E-14   
  TCL6              −2.20017    1.33E-32   −1.19247    3.70E-15   RCC, T-cell leukemia
  ENSG00000213963   −2.24474    1.47E-37   −1.86640    1.69E-16   
  NR_024418         −2.50614    1.80E-37   −1.28191    2.79E-15   RCC
  ENSG00000247225   −2.73504    6.39E-37   −1.45770    4.41E-22   
  ENSG00000233101   −2.92826    1.26E-38   −1.82633    1.14E-22   
  ENSG00000177133   −3.10089    2.87E-37   −2.71809    9.17E-30   Gastric cancer
  ENSG00000249601   −3.19708    2.22E-43   −2.14564    1.67E-24   
  NR_027086         −3.42128    9.26E-40   −1.69737    4.08E-23   
  ENSG00000241224   −4.12725    1.75E-43   −1.83665    4.44E-20   

ccRCC, clear cell renal cell carcinoma; FC, fold change; lncRNAs, long non-coding RNAs; CRNDE, colorectal neoplasia differentially expressed; TCL6, T-cell leukemia/lymphoma 6; RCC, renal cell carcinoma.
